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FROM HYPOTHESIS TO FACT: THE 
EARTH-MARS EXPERIMENT 

Ye. Kodin and D. P ipko  

People  have c a l l e d  Mars t h e  god o f  war due t o  i t s  r e d  
appearance .  I suppose  t h i s  name i s  f i t t i n g :  f o r  many d e c a d e s ,  
an e n d l e s s  war o f  s c i e n t i f i c  hypo theses  h a s  s w i r l e d  a round 
t'.is p l a n e t .  I t  would seem t h a t  t h e  f l i g h t s  of i n t e r p l a n e t a r y  
s p a c e  p r o b e s  would d i s o l v e  t h e  myth of tl-e a r t i f i c i a l  o r i g i n  
o f  t h e  "cana l s "  o f  Mars; t h e  s e a s o n a l  changes i n  t o l o r  o f  t h e  
p l a n e t ,  e a r l i e r  a t t r i b u t e d  t o  "Mart ian v e g e t a t i o n , "  have been  
r e a l i s t i c a l l y  e x p l a i n e d  as a r e s u l t  of t h e  movement o f  masses 
o f  d u s t ;  t h e  c r a t e r s  on t h e  s u r f a c e  and t h e  i r r e g u l a r i t y  o f  
form d e t e c t e d  on photographs  have  overLurned t h e  a t t r ac t i .  2 
h y p o t h e s i s  o f  t h e  "hand-made" o r i g i n  of Mars t o  s a t e l l i t e s  - -  
Fobos and Deimos. B u t  s t i l l ,  t h e  " red  p l a n e t "  h o l d s  so many 
m y s t e r i e s  t h a t  o n l y  new, d i r e c t  measurements ,  new d a t a  can  
calm t h e  war o f  hypo theses .  Today, t h e  l i s t  of s u c h  d a t a  h a s  
been supplemented by i n f o r m a t i o n  o b t a i n e d  by t h e  n e x t  group 
of  S o v i e t  "Mars" a u t o m a t i c  s p a c e c r a f t .  The f i r s t  d i r e c t  
measurements o f  t h e  p a r a m e t e r s  o f  r h e  Mar t i an  a tmosphere ,  made 
by t h e  d e s c e n t  modiile a f  Mars-6 and t r a n s m i t t e d  t o  E a r t h ,  a re  
o f  p a r t i c u l a r  v a l u e .  

After s o  many achievements  o f  S o v i e t  a s t r o n a u t i c s ,  t h e s e  
expe r imen t s  might  n o t  seem s o  d i f f i c u l t .  But imagine f o r  a 
moment t h a t  t h e  scale  o f  o u r  u n i v e r s e  were reduced  a b i l l i o n  
times. Then, t h e  d i s t a n c e  from t h e  E a r t h  t o  Mars a t  t h e  
moment t h a t  t h e  s p a c e c r a f t  a r r i v e d  a t  t h e  p l a n e t  would be a b o u t  
a q u a r t e r  o f  a k i l o m e t e r ,  w h i l e  t h e  s i z e  of t h e  t a r g e t  - -  t h e  
d i a m e t e r  of t h e  p l a n e t  - -  would be  abou t  7 mm. Even an  e x p e r -  
i e n c e d  s n i p e r  would have t r o u b l e  h i t t i n g  such  a t a r g e t .  
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But t h e  "cosmic s n i p e r s "  had a much more d i f f i c u l t  t a s k  - -  t h e y  
had t o  s e n d  t h e i r  s p a c e c r a l t  b u l l e t  t o  a p rede te rmined  p o i n t  
e x a c t l y  0 . 1  mm from t h e  t a r g e t .  No f u r t h e r ,  n o  c l o s e r .  

The problem i s  t h a t  a l t h o u g h  t h e  e s c a p e  v e l o c i t y  f o r  Mars 
i n  o n l y  h a l f  t h a t  o f  E a r t h  - -  abou t  5 . 1  km/sec - -  t h e  d e s c e n t  
module i s  b raked  v e r y  s l o w l y  as it e n t e r s  t h e  atmosphere.  The 
atmosphere i s  s imply  n o t  h i g h  enough t o  s low down t h e  s p a c e -  
c r a f t  on an o r d i n a r y  d e s c e n t  t r a j e c t o r y  end ing  i n  v e r t i c a l  
d e s c e n t .  The r eason  f o r  t h i s  i s  well-known - -  t h e  d e n s i t y  o f  
t h e  atmosphere o f  Mars is  some 150 times less t h a n  t h a t  o f  t h e  
a tmopshere o f  o u r  p l a n e t .  I f  we were t o  s imply  open a p a r a -  
c h u t e  a t  h i g h  a l t i t u d e ,  i t  would b e  immedia te ly  m e l t e d  by t h e  
g r e a t  d e s c e n t  v e l o c i t y  and t o r n  t o  p i e c e s  by t h e  a i r  stream. 
However, i f  w e  were t o  w a i t  u n t i l  t h e  speed  d e c r e a s e d  t o  t h e  
p r o p e r  v a l u e  on t h i s  s o r t  o f  d e s c e n t  t r a j e c t o r y ,  i t  would a i s 0  
5e no h e l p :  t h e  atmosphere o f  Mars i s  s o  t h i n  t h a t  w e  would be  
a b l e  t o  open o u r  p a r a c h u t e  o n l y  a t  a v e l o c i t y  o f . .  . minus 3 km 
o r ,  i n  o t h e r  words,  benea th  t h e  s u r f a c e  of t h e  p l a n e t .  

T h e r e f o r e ,  a combined method i s  used  t o  b r i n g  s p a c e c r a f t  
t o  t h e  s u r f a c e  - -  t h e  d e s c e n t  module is  d i r e c t e d  n o t  v e r -  
t i c a l l y  downward, b u t  r a t h e r  a t  a s l i g h t  a n g l e  t o  t h e  s u r f a c e  
o f  t h e  p l a n e t .  T h i s  c a u s e s  t h e  p a t h  o f  t h e  s p a c e c r a f t  th rough 
t h e  atmosphere t o  be  g r e a t l y  e l o n g a t e d ,  so t h a t  aerodynamic 
b r a k i n g  i s  s u f f i c i e n t  t o  r educe  t h e  v e l o c i t y  t o  t h e  p o i n t  t h a t  
t h e  p a r a c h u t e  can b e  opened w i t h o u t  danger .  To do t h i s ,  t h e  
"cosmic s n i p e r s "  must aim n o t  a t  t h e  p l a n e t ,  b u t  r a t h e r  a t  a 
p o i n t  j u s t  b e s i d e  i t .  The accu racy  o f  t h i s  a iming  must be  
f a n t a s t i c :  i f  t h e  d i s t a n c e  from t h e  p l a n e t  is t o o  g r e a t ,  t h e  
d e s c e n t  module w i l l  s imp ly  f l y  p a s t  t h e  p l a n e t ,  i f  i t  i s  t o o  
c l o s e  - -  t h e  d e s c e n t  p a t h  w i l l  n o t  be long  enough t o  s low down 
t h e  s p a c e c r a f t .  

How i s  t h e  n e c e s s a r y  accu racy  ach ieved?  Everyone i o d a y  
is  f a m i l i a r  w i t h  t h e  concep t  o f  t r a j e c t o r y  c o r r e c t i o n :  t h e  
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i t s  " l i f e "  th rough t h e  o r b i t i n g  s e c t i o n  of Mars-6: t h e  d e s c e n t  
module ma in ta ined  r a d i o  communications w i t h  t h e  o r b i t i n g  
s e c t i o n ,  whicii used i t s  d i r e c t i o n a l  an tenna  t o  r e l a y  t h e  
i n f o r m a t i o n  t o  E a r t h .  During t h e  expe r imen t ,  a f t e r  e n t r y  i n t o  
t h e  atmosphere,  as t h e  upper  layers were p e n e t r a t e d ,  communi- 
c a t i o n s  were i n t e r r u p t e d  f o r  a s h o r t  t ime: t h e  plasma which 
formed around t h e  d e s c e n t  module b locked  t h e  r a d i o  waves b u t  
t h e n ,  as t h e  d e s c e n t  speed  s l ewed ,  communications were 
res t o r e d .  

A no less complex problem was t h e  " o r g a n i z a t i o n "  o f  t h e  
p a r a c h u t e  d e s c e n t .  A p a r a c h u t e  jumper ,  a s  he  l e a p s  from an 
a i r c ra f t ,  opens h i s  p a r a c h u t e  a t  a f a l l i n g  speed  of  abou t  60 

o r  70 meters p e r  second.  As t h e  d e s c e n t  module f e l l  toward 
Mars, t h e  p a r a c h u t e  had t o  be opened a t  speeds  two t o  t h r e e  
times t h e  speed  of sound. One of t h e  most s e r i o u s  d i f f i c u l t i e s  
h e r e  c o n s i s t s  i n  t h e  f a c t  t h a t  a t  t h e s e  speeds  a wake i s  formed 
beh ind  t h e  d e s c e n t  module, c a p a b l e  o f  t w i s t i n g  t h e  p a r a c h u t e  
i n t o  a u s e l e s s  s t r i n g .  After many e x p e r i m e n t s ,  a unique s o l u -  
t i o n  was found t o  t h i s  problem: i t  was found t h a t  t h e  u n d e s i r -  
a b l e  r e s u l t s  cou ld  be avoided  by "shoot ing"  t h e  p a r a c h u t e  
s l i g h t l y  t o  one s i d e  of t h e  zone o f  p e r t u r b a t i o n  by means of  a 
s o l i d -  f u e l e d  r o c k e t  eng ine .  

The d i f f i c u l t i e s  o f  s t u d y i n g  Mars u s i n g  a u t o m a t i c  s p a c e -  
c r a f t  are obvious .  However, t h e y  have n o t  d i scouraged  t h e  
s c i e n t i s t s  a t t e m p t i n g  t o  l e a r n  t h e  secrets  o f  t h e  " r ed  p l a n e t . "  
I n  t h e  s t r a t e g y  o f  s c i e n c e ,  t h e  modest term "study1' i s  always 
fo l lowed ,  p o s s i b l y  d i s t a n t l y ,  by t h e  more g r a n d i o s e  term 
"master." From t h i s  s t a n d p o i n t ,  it i s  e a s y  t o  e x p l a i n  o u r  
i c te res t  i n  Mars: of a l l  t h e  p l a n e t s  of  t h e  s o l a r  sys t em,  on ly  
on Mars are c o n d i t i o n s  mo-,:e o r  less l i k e  t h o s e  on E a r t h .  For 
exajnple, a day on MdrS i s  o n l y  37 minutes  l o n g e r  t h a n  on E a r t h ,  
t h e  f o r c e  of  g r a v i t y  i s  1e:;s by some 2.5 times, and t h e  tem- 
p e r a t u r e  on t h e  e q u a t o r  ir, t h e  dayt ime is  an a c c e p t a b l e  20 t o  
2 S 0  c. 
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name f o r  t h e  meandering v a l l e y s  and go rges  w i t h  t h e i r  many 
" t r i b u t a r i e s "  c l e a r l y  s e e n  on t h e  pho tographs .  Are n o t  t h e  new 
d a t a  y e t  a n o t h e r  c o n f i r m a t i o n  t h a t  r i v e r s  of  w a t e r  f lowed on 
Mars i n  t h e  d i s t a n t  p a s t ?  

3 f  no less i n t e r e s t  f o r  s c i e n t i s t s  are  t h e  pho tographs  
t r a n s m i t t e d  by Mars-5 from t h e  r e d  p l a n e t .  Although t h e  p h o t o -  
g raphs  themse lves  canno t  g i v e  us  an i d e a  of  t h e  v a r i a t i o n s  i n  
a l t i t u d e  o f  i n d i v i d u a l  s e c t i o n s  o f  t h e  s u r f a c z ,  i f  photography 
i: combined w i t h  a measurement o f  t h e  t h i c k n e s s  o f  t h e  atmos-  
p h e r e ,  some c l a r i c y  i s  g a i n e d .  From t h i s  s t a n d p o i n t ,  t h e  
impor tance  o f  t h e  d a t a  produced can  h a r d l y  be o v e r - e s t i m a t e d :  
t h e y  show t h a t  t h e  v a r i a t i o n s  i n  a l t i t u d e  on Mars are  as g r e a t  
as s e v e r a l  k i l o m e t e r s .  F i n a l l y ,  t h e  f a c t  t h a t  t h e  magne t i c  
f i e l d  o f  Mars i s  7 t o  10 times s t r o n g e r  t h a n  t h a t  i n  i n t e r -  
p l a n e t a r y  s p a c e  g i v e s  u s  a key t o  t h e  u n d e r s t a n d i n g  of t h e  
p e c u l i a r i t i e s  o f  t h e  i n t e r n a l  s t r u c t u r e  of  t h e  p l a n e t .  

S o v i e t  s c i e n c e  and t echno logy  have made y e t  a n o t h e r  s t e p  
a l o n g  t h e  t r a i l  o f  t h e  s t t ;dy of  s p a c e  and t h e  p l a n e t s  of t h e  
s o l a r  system. However, t h e r e  i s  s t i l l  much more unknown, and 
many more s p a c e c r a f t  w i l l  be  launched  toward t h e  d i s t a n t  
p l a n e t s .  A c t u a l l y ,  i t  c o u l d  be no o t h e r  way: i t  i s  n o t  by 
chance t h a t  mathematics  w ide ly  u s e s  t h e  method of s u c c e s s i v e  
approx ima t ions  - -  complex problems canno t  be  s o l v e d  i n  one 
t r y .  To some e x t e n t ,  t h i s  method i s  a l s o  used  i n  a s t ; o c _ u t i c s :  
t h e  Luna s p a c e c r a f t  numbei 9 was t h e  f i r s t  t o  succeed  i n  
making a s o f t  l a n d i n g  on t h e  noon, t h e  s u c c e s s  of  Venera-7 
fo l lowed  t h e  -1arachute  d e s c e n t s  o f  t h r e e  v e h i c l e s  from E a r t h .  
We know: t h e r e  w i l l  be  new l aunches  t o  Mars, t o  e n r i c h  t e r -  
r e s t r i a l  s c i e n c e  w i t h  new f a c t s .  
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